Every machine is made of parts. But, as the new structure of the HIV integrase enzyme in complex with viral DNA shows, one could not have predicted from the individual parts just how this machine works. 1 have now solved, putting the pieces of the puzzle together. Inhibitors of HIV-1 integrase bind to the intasome rather than to free integrase, making the new structure particularly valuable.
| The pieces of the intasome puzzle. An integrase monomer consists of three structural domains: the amino-terminal helical bundle, the core catalytic domain and the carboxy-terminal domain. Viral DNA integration into the host genome is, however, catalysed by a highly stable nucleoprotein complex called the intasome, in which four integrase monomers bridge a pair of viral DNA ends -a structure that Hare et al. 1 have now solved, putting the pieces of the puzzle together. Inhibitors of HIV-1 integrase bind to the intasome rather than to free integrase, making the new structure particularly valuable.
Retroviruses such as human immunodeficiency virus type 1 (HIV-1) integrate a DNA copy of their genome into their host genome as an obligatory step in their replication cycle. The DNA cutting-and-pasting reactions that lead to integration are mediated by the virus's integrase enzyme. The structures of this enzyme's three domains -the core catalytic domain, the amino-terminal domain and the carboxyterminal domain -have been solved previously. But the spatial organization of the domains with viral DNA when in the active nucleo protein complex (known as the intasome), which carries out integration, has remained unknown. In this issue (page 232), Hare et al. 1 describe the structure of a retroviral intasome. The structure clarifies many poorly understood aspects of retroviral-DNA integration. What's more, it provides a solid platform for understanding the mechanism by which the inhibitors of this essential viral enzyme act (Fig. 1) .
Integration of retroviral DNA has been extensively studied at the biochemical level. Such analyses showed that the DNA cuttingand-pasting steps are mediated by a mechanism similar to that used by the transposase enzymes found in bacteria and more complex organisms. The structures of the catalytic domain of retroviral integrases revealed 2, 3 an active site that is common not only to these transposase enzymes, but also to members of a larger family of polynucleotidyl transferase enzymes 4 . Beyond confirming the mechanism of catalysis, however, these structures were disappointingly uninformative. For instance, they indicated that the catalytic domain is dimeric, with the two active sites on opposite sides of the nearly spherical dimer. This spacing is incompatible with the spacing of the catalysis sites on the two strands of host DNA. Clearly, the functional complex would need at least a pair of such dimers for two active sites to be close to each other.
In addition to the structures of the individual amino-and carboxy-terminal domains of retroviral integrases, the two-domain structures of the catalytic domain with either the amino-or the carboxy-terminal domain have been determined 5 . On the basis of these 'partial' structures, many models have been proposed for the structure of the intasome complex. Hare et al. 1 show that all of the earlier models are wrong.
But why has the path to this level of understanding been so tortuous? Retroviral integrases are notoriously difficult proteins to work with: even using mutations that improve their solubility, the integrase and its DNA substrate aggregate under the conditions required for assembly of the active complex. A more fundamental problem is that, on initial binding to viral DNA, the integrase does not show strong sequence specificity, and stable complexes are formed only after the initial binding 6 . Mixing integrase with DNA therefore traps nonspecific aggregates that are unsuitable for structural studies.
Hare et al. took advantage of their finding that the integrase enzyme of the prototype foamy virus (PFV) -a close relative of HIV-1 -has much more favourable biophysical properties than its HIV-1 counterpart. Using PFV integrase, they thus successfully crystallized an integrase in complex with viral DNA, a feat that has defied the best efforts of many groups for the past two decades.
As predicted from the biochemical studies, the authors' intasome structure consists of a tetramer of integrase bridging a pair of viral DNA ends. The organization of the integrase tetramer and DNA, however, is unlike any of the postulated models.
Extensive surface contacts between integrase and viral DNA, as well as protein-protein contacts, are the glue holding the structure together. The major contribution of DNAprotein contacts to the stability of the complex is reminiscent of the complex formation between the Tn5 transposase and DNA 7 . The dimer interface of the catalytic domains, which is present in all crystal structures of this domain, is preserved as expected. Only two of the four active sites in the tetramer, one from each catalytic-domain dimer, associate with viral DNA, whereas the amino-and carboxyterminal domains of these subunits contribute to stabilizing the tetramer. The other catalytic domains in each dimer lie far from the DNA substrate, and their corresponding amino-and carboxy-terminal domains are disordered.
The past few years have seen great progress in the development of therapeutic antiviral drugs that target integrase. These drugs have been developed through large-scale screening efforts. The inhibitor raltegravir -like other promising integrase inhibitors -binds integrase in complex with DNA rather than binding the free enzyme in solution. Knowing little about the integrase structures when in complex 
in view of the increased interest in the Moon resulting from the new facilities offered by space rockets … Mr. Firsoff attributes ray systems to erosion by running water, fed from large deposits of ice accumulated below the spongy surface rocks, and he suggests that the maria, also, are filled by impure ice … Basically, however, the author's arguments only show that his ideas are barely possible; he has certainly not shown that they are at all likely. In particular, the idea that water is present on the lunar surface is highly implausible. From Nature 12 March 1960.
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Survival of Man. A Study in
Unrecognised Human Faculty. By Sir Oliver Lodge -To most people the question of the survival of human personality is the greatest problem of life … At present the chief interest of the subject centres round the theory of cross correspondences, emanating chiefly from the so-called controls that are manifested in certain well-known and much discussed automatic scripts, and claim to represent the surviving personalities of Myers, Hodgson, and others … Similarly, indications of known personalities, examples of typical intellectual activities continuing after earthly existence has ceased, may accumulate to such intensity that no hypothesis is so simple or so effective as that which involves the acceptance of the belief in their manifest survival. From Nature 10 March 1910.
with DNA, therefore, it has not been possible to visualize the details of how these drugs interact with the enzymes' active site, much less to seriously consider applying rational design to their development.
Hare et al. 1 now change that situation. Their structure succinctly shows how integrase inhibitors displace the 3ʹ end of the viral DNA from the enzyme's active site, thus blocking its integration activity. Furthermore, they find that the active site, which seemed to lie in a featureless landscape in the earlier structures of the catalytic domain alone, is partially buried in a rugged surface -features that may afford potential sites for anchoring inhibitors.
Despite the giant leap forward that this study 1 takes our understanding of retro viral integrases, questions remain. First, four of the domains in the integrase tetramer are disordered. Are they involved in the inter action with the host DNA, as Hare et al. suggest? Do they mediate another function, or are they simply redundant? Also, the target host DNA is not present in the structure, although there seems to be only one place for it to go without drastic structural rearrangement.
The stark contrast between reality and the now-redundant previous models cautions against embarking on exuberant model building with few constraints imposed by experimentation. That said, the integrase enzymes of HIV-1 and PFV are sufficiently similar to justify the use of PFV integrase in complex with both viral DNA and antiviral inhibitors for reliably modelling the binding of these inhibitors to the HIV-1 enzyme. 
Wider role for airborne chlorine
Roland von Glasow
Unexpected chlorine chemistry in the lowest part of the atmosphere can affect the cycling of nitrogen oxides and the production of ozone, and reduce the lifetime of the greenhouse gas methane.
When people hear about chlorine in the atmosphere, many probably think of the chlorine that comes from man-made chlorofluorocarbons (CFCs) and harms the ozone layer in the stratosphere, some 25 kilometres above Earth's surface. However, on page 271 of this issue, Thornton et al. 1 report their observations of large amounts of reactive chlorine compounds at Earth's surface, in the middle of the continental United States.
The authors' measurement site is far from known natural chlorine sources, such as the ocean, or strong anthropogenic sources (for example, coal combustion or steel production). These findings are important because they reveal a previously unconsidered chemical pathway that generates a large amount of chlorine radicals in the troposphere (the lowest 10 kilometres or so of the atmosphere). Such radicals will react with many volatile organic compounds (VOCs), including the potent greenhouse gas methane (CH 4 ), speeding up their removal from the atmosphere. Furthermore, this pathway will extend the lifetime of nitrogen oxides, the main precursors for ozone production in the troposphere. Ozone is central to atmospheric chemistry, but can also be a pollutant -in high concentrations it is toxic to animals and plants, and it acts as a greenhouse gas.
To understand the relevance of Thornton and colleagues' discovery, it is necessary to briefly explain the general role of nitrogen oxides in the atmosphere. Nitrogen oxides are released from anthropogenic combustion pro cesses (for example, in cars and power plants) or the burning of biomass, but are also produced naturally by lightning. In the troposphere, the light-induced reaction of nitrogen dioxide (NO 2 ) is the only way to form ozone. Nitrogen dioxide can also react with ozone to produce nitrate radicals (NO 3 • ), which can then react with more NO 2 to form dinitrogen pentoxide (N 2 O 5 ). In other words, two molecules of NO 2 are 'stored' in one molecule of N 2 O 5 .
Dinitrogen pentoxide is stable only at low temperatures in the absence of light. If exposed to sunlight, the two molecules of NO 2 stored within it are released and can continue to produce ozone. It has been shown 2,3 that a strong loss process for N 2 O 5 is its reaction on the surface of aerosol (Fig. 1) -tiny omnipresent particles in the atmosphere that originate from sources such as combustion processes, dust and salt from the oceans.
Thornton and colleagues' atmospheric measurements 1 , taken at night just outside Boulder,
